Old 
. Figure 2 is composed of discrete events with a sharp onset and a characteristic decay time. It is evident that the intensity of the activity is dependent on the rate of occurrence of these discrete events as well as their amplitude and that the pulses get stronger and more frequent as the eruption cycle progresses. As shown in Figure 3 , in the early stages of the eruption cycle infrequent low-amplitude pulses are observed. The pulses get stronger and more frequent until their amplitude and rate become steady. Minutes before the eruption the amplitude decreases due to the poor acoustic impedance match between the bubbly fluid and the geyser wall [Kieffer, 1984] .1   ,  I ß  ,  ,  ,  I  I  I  I  ,  ,  ,  0  40  50  60  70  80 The malfunctioning of the bottom transducer is attributed to water penetrating into its container; thus its record will be ignored. However, after a period of thermal adjustment, the top and middle transducers display a behavior consistent with their relative locations in the water and a steady rise in the pressure over a period of 30 minutes as the geyser is filling. 2. What controls the rate of occurrence of pulses? The rate of occurrence of pulses determines whether continuous or impulsive tremor is excited. The filling rates and heating rates, the interaction between them, and their effect on the rate of pressure pulse excitation will be discussed. The model successfully describes the general characteristics of the process, namely, the period of oscillation and the overall damping. However, the effective viscosity is much higher than the viscosity of the water, implying that some other mechanism is responsible for the damping.
Discrete events. Figure 3 demonstrates that the seismic activity depicted in

Source of Impulses
As was shown by Chapman and Plesset [1971] , at large bubble radii, the effective viscosity is significantly In this section, the interaction between these parameters, and their influence on the event rate in the water column, will be discussed. The uncertainties about the dynamic effects of the highly turbulent Old Faithful make any attempt to obtain a deterministic model for the event rate a highly complicated, poorly constrained task. Therefore, rather than provide a detailed description of the dynamics of the instabilities, we treat the problem as quasi-static with the following assumptions:
1. The fluid is well mixed (i.e., isothermal.) 2. Each pulse is a cooling event in which a quantum of heat is released.
3. The rate of occurrence of pulses is solely dependent on the heating rate of the fluid in the conduit, i.e., a pressure pulse corresponding to a cooling event occurs when the temperature in the fluid reaches a certain threshold of supersaturation.
The second and third assumptions need further clarification. We assume that each collapse is the product of an impulsive steam release which occurs as the water column reaches a specific threshold temperature and thus cools the water column instantaneously by a quantum of heat. As heat and water are continuously pumped into the system, the temperature rises again to the threshold temperature and the process repeats itself. When the time interval between pulses is short compared to the time between eruptions, the rate of occurrence of pulses (cooling events) is proportional to the time derivative of the temperature history of the water column. This calculation should be treated as a thought experiment rather than an attempt to exactly model the dynamic behavior of the geyser. The advantage of these assumptions is that the fluid in the conduit is a well-defined control volume whose temperature history is completely determined by the amount of heat per unit mass, while no consideration of dynamic processes within the control volume, such as heat or mass transport, is necessary. These assumptions are simplistic, as temperature gradients are known to exist in the column, the pulse amplitudes fluctuate, and dynamic constraints on the pulse rate are likely to exist. However, as will be demonstrated, significant insight into the heating process of the water column can be gained with the above assumptions, as simple as they might be.
3.2.1.
Filling rate. Consider the system displayed in Figure 13 . At time to a valve is released, and the fluid flows through the thin pipes and fills the larger pipe. We assume that the tank volume is sufficiently large compared to the volume of the pipe, so This result is shown in Figure 15b with the corresponding water level rise and cumulative mass. As soon as the water level reaches the z• level, the mass flux of fluid into the pipe increases, causing the temperature rise or, equivalently, the cooling-event rate to go down. The wider the pipe, the faster cold water is pushed into the system and the slower the heating rate. This effect can be understood if we consider the limiting case when at z• the pipe opens indefinitely, causing a constant mass flux. Since we assume constant heat flux, the mass of water will asymptotically approach constant temperature. This in turn will cause the cooling events to cease altogether. Similarly, if the pipe narrows at the z• level, then the mass flux goes down and the heating rate increases (Figure 15c ). Figure 16 illustrates the behavior of a pipe with a wide section in the middle. The actual temperaturetime curve should appear as a "saw-tooth" shaped curve where every time the temperature reaches the threshold temperature, it drops by an amount corresponding to one heat quantum released by one bubble collapse and heats again to the threshold level following the slope of the heating curve at that instant. As long as the interval between pulses is short compared with the interval between geyser eruptions, as is the case at Old Faithful, the number of "saw-teeth" per unit time will be proportional to the time derivative of the temperature. Figure 16 Although at this point we cannot identify any damping mechanism which can fully account for the large effective viscosity needed to match the observations, the strong frequency-dependent dissipation suggests a zone of bubbly liquid at the top of the water column in which high frequencies are attenuated and which does not affect longer periods as much.
A constant heat flux from below and a filling process driven by pressure equalization between the aquifer and the conduit through a porous medium give rise to a heating rate which asymptotically approaches a linear temperature increase as the water column exponentially nears its equilibrium level. Neglecting dynamic effects, when the event rate is solely dependent on the heating rate, the time-dependent event intensity can be modulated by widening and narrowing of the conduit, thus controlling the mass flux and consequently the heating rate and the event rate. The modulation of tremor intensity by simple geometric variations may be significant in the context of volcanic tremor. This result suggests that an apparent relaxation in tremor intensity does not necessarily mean a pause in the geothermal activity. 
